Feature Mapping, Associativity And Exchange For Feature-based Product Modelling by Subramani, S
Abstract 
In a distributed, heterogeneous and concurrent design environment, product data 
have to  be shared between different task domains The promise of features tech- 
nology was that these task domains would have access to task-specific product data 
through feature-based models. However, as features are domaln spec~fic there is a 
need to  obtain multiple feature models automatically from a central representation 
to feed each domain. Once multiple feature models are accessed and manipulated 
concurrently, maintaining the integrity of shape/product data through the changes 
is necessary. Also important is the transfer of complete product data across the 
different systems used in each task domain. This thesis presents feature-based algo- 
rithms to address each of these problems for product development, namely, feature 
mappzng to obtain multiple feature models, assoezatzvzty between feature models and 
feature-based product data exchange. 
The thesis initially proposes a feature-mapping algorithm to obtain multiple views 
of a part model. The algorithm is based on 3D clipping for mapping feature models 
across domains. Feature mapping (also referred to as feature conversion) involves 
obtaining a feature model in one domain given a feature model in another. This 
is in contrast to feature extraction which works from the boundary representation 
of the part. Most techniques for feature mapping have focused only on obtaining 
negative feature models. The input to the algorithm is a feature model in one domain. 
The algorithm for mapping this model to another feature model is based on the 
classification of the faces of features in the model and the 3D clipping technique - 
splitting of a solid by a surface Multiple feature sets (wherever possible) can be 
obtained by varying the sequence of faces used for clipping. Results of the proposed 
feature-mapping lmplementation are presented. 
The second algorithm proposed in this thesis is an innovative attempt to malntaln 
associativity between feature models. The proposed algorithm takes multiple feature 
models of a part as inputs and modifies other feature models to reflect the changes 
made to a feature In a feature model. The proposed algorithm updates feature vol- 
umes in other feature models and then classifies the updated volumes to obtaln the 
updated feature model The spatial arrangement of feature faces and the adjacency 
relationship between features are used to isolate features in a view that are affected by 
the modification. Feature volumes are updated based on the classification of the fea- 
ture volume of the modified feature wlth respect to that of the model belng updated. 
The algorithm is capable of handling all types of feature modifications, namely, fea- 
ture deletion, feature creation, and changes to the feature location and parameters. 
In contrast to current art in automatic updating of feature models, the proposed al- 
gorithm does not use an intermediate representation, does not re-interpret the feature 
model from a low level representation and handles interacting features. Results of 
implementation on associativity for typical cases are presented 
The third algorithm proposed in this thesis is a novel approach to exchange the 
product data via feature models. Product data exchange plays a major role in the dis- 
tributed and concurrent design environment where various CAD systems are m use to 
design and develop a product. This needs product information exchange without loss 
of its semantics and the designer's intent. In this work, feature-volume based prod- 
uct data exchange is proposed. Feature-based modelling captures semantics and the 
designer's intent through parameters and constraints. This method transfers product 
data as feature volumes; feature volume contains feature faces and thelr attributes. 
STEP definition of faces and geometry is used to represent the feature volume. Con- 
struction history of the feature model is recreated using the face attributes. Unlike 
current methods for data exchange, the proposed scheme allows exact representation 
of 2D and 3D constraints through face classification and multiple construction pro- 
cedures for each feature instance The latter allows handling of situations where the 
receiving system does not support some of the procedures in the source system. Since 
individual feature volumes are transferred, constraint and parameter representation 
is preserved and validation of features with respect to the part model is avoided. 
The proposed method has been implemented using the extensible Markup Language 
(XML), which carries semantic representation. 
The algorithms proposed in this thesis are feature-based and it is shown that 
feature shape (feature volume), and high level information l ~ k e  attributes, constraints 
and parameters associated with input features can be transferred to new features 
while mapping, editing or exchanging product data. Finally, thls thesis summarises 
the contributions and concludes with possible directions for future work Constraint 
mapping and updating are identified as important areas for future research 
